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Aim:	 To	 evaluate	 public	 involvement	 within	 a	 large	 interdisciplinary	 Science,	
Technology,	Engineering	and	Mathematics	(STEM)	research	project	that	focused	on	
digital	health.
Methods:	 The	 evaluation	 was	 conducted	 with	 members	 of	 the	 project’s	 Public	











the	 views	 generated	 from	 public	 involvement,	 and	 barriers	 to	 researchers’	
participation.
Discussion and conclusion:	Our	evaluation	suggests	that	members	of	the	public	and	
the	 researchers	 value	 involvement.	 However,	 there	 is	 a	 need	 to	 consider	 how	 to	
embed	public	involvement	to	an	even	greater	extent	in	STEM	contexts	and	a	need	to	
address	any	barriers	for	researchers’	own	involvement.
K E Y W O R D S
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1  | INTRODUC TION
The	 involvement	 of	 the	 public—which	 includes	 patients,	 carers,	




signing	 clinical	 trials6,7	 and	 placebos,8	 and	 identifying	 treatment	
outcomes.9,10	 One	 widely	 accepted	 definition	 of	 this	 type	 of	 in-
volvement,	which	 is	also	adopted	 in	this	article,	 is	 research	being	
carried	out	“with”	or	“by”	members	of	the	public	rather	than	“to,”	
“about”	 or	 “for”	 them.1	Within	 this	 context,	 it	 is	worth	 consider-
ing	 Arnstein’s11	 classic	 “ladder	 of	 citizen	 participation”	 model,	
which	conceptualizes	the	degree	of	involvement	from	high	to	low.	
Although	this	model	has	since	been	refined	to	inform	other	ways	to	
conceptualize	public	 involvement	 in	health	 research	 (eg,12-15),	 the	
reality	is	research	may	include	various	forms	of	public	involvement	
and	these	can	change	over	time.	 It	 is	 therefore	apt	 to	distinguish	
three	main	levels	of	participation:	consultation,	where	members	of	
the	 public	 share	 their	 views	 and	 these	 views	 are	 used	 to	 inform	






on	how	 to	 achieve	 successful	 coworking,17-19	 as	well	 as	 recom-
mendations	on	how	to	report	activities.20	However,	there	is	still	
a	great	need	to	build	a	research	evidence	base	about	the	impact	
of	 involvement	 on	 research.21,22	 Doing	 so	 would	 contribute	 to	
ensuring	 the	 integrity	of	 involvement	 activities,	 and	enable	 the	
case	to	be	made	for	support	and	adequate	resourcing.23	Science,	
technology,	engineering	and	maths	(STEM)	fields	are	an	example	
of	 where	 involvement	 remains	 a	 “work	 in	 progress,”	 struggling	




it	 is	 rooted	 in	 a	 tradition	of	 participatory	 research	 approaches.	
This	 is	 especially	 problematic	 given	 that	many	 STEM	 fields	 are	
heavily	 involved	 in	 the	development	of	 a	 range	of	digital	 heath	
solutions,	 which	 are	 frequently	 championed	 as	 a	means	 of	 de-




gagement	 and	 recruitment	 approaches.25	 However,	 at	 an	 even	
earlier	 stage,	public	 involvement	may	 struggle	 in	 such	 contexts	
owing	to	the	need	to	demonstrate	its	value	and	impact	in	STEM.	
Conducting	 empirical	 evaluation	 of	 involvement	 takes	 further	
time	and	 resource,	but	provides	necessary	evidence	 so	 that	 in-
volvement	 can	 be	 prioritized	 alongside	 and	 embedded	 within	
STEM	research.
Meaningful	 evaluations	 should	 reflect	 public	 involvement	 as	









five	value	clusters	pertaining	 to	each	of	 them	 (see	Table	1).	This	
framework	enables	a	structured	approach	to	identifying	what	val-




relevance.	This	 framework	was	 subsequently	used	 in	 a	modified	
Delphi	study	with	stakeholders	in	public	involvement	in	research,	
to	explore	areas	of	 consensus	and	conflict	 around	 the	proposed	
value	systems.23	That	Delphi	study	highlighted	existing	shortcom-
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2  | METHODS
This	 article	 describes	 an	 evaluation	 of	 public	 involvement,	 for	
which	 we	 used	 the	 framework	 of	 Gradinger	 et	al27	 to	 evalu-
ate	 several	 strands	 of	 involvement	 that	 were	 embedded	 within	
a	 large	 interdisciplinary	 STEM	 research	 project.	 The	 work	 de-
scribed	here	was	conducted	at	the	University	of	Bristol	(UK)	and	
the	 Engineering	 Faculty	 Research	 Ethics	 Committee	 stated	 that	 





lect	 information	 about	 various	 behaviours	 or	 activities	 in	 the	
home	 without	 requiring	 the	 occupants	 to	 engage	 much	 with	
the	 sensors,	which	would	 be	 “passive.”	 For	 instance,	 the	 sen-
sors	 would	 collect	 information	 about	 use	 of	 the	 kitchen	 and	
movement	around	the	home.	The	project	was	organized	into	six	
technical	work	 packages,	 three	 of	which	 corresponded	 to	 dif-
ferent	types	of	 information	that	the	system	would	collect:	en-
vironmental	 information	 including	 temperature,	 humidity	 and	
use	 of	 utilities;	 video-	based	 information	 including	 quality	 of	
movement	and	silhouettes	(no	raw	video	was	captured);	and	ac-









rate,	 comprising	 one	 academic	 lead	 (FH),	 one	 public	 engage-
ment	associate	 (BM)	and	 two	community	engagement	officers	
from	 an	 external	 partner	 organization;	working	 alongside	 this	
team	was	 a	more	 research-	oriented	 user-	centred	 design	 team	
(AB	and	RGH),	with	whom	they	worked	closely.	Their	work	tra-
versed	the	technical	work	packages,	seeking	to	involve	and	col-
laborate	with	 researchers	 across	 the	 project.	Mechanisms	 for	
public	involvement	comprised:
•	 Two	Public	 Advisory	Groups	 (PAG),	which	were	 set	 up	 at	 the	
start	 of	 the	 SPHERE	 project	 and	met	 every	 2	months	 to	 talk	
to	 researchers	 about	 their	 work	 and	 discuss	 topics	 including	
	approaching	 potential	 participants,	 designing	 future	 studies,	
and	features	of	 the	 technology	being	developed.	These	meet-
ings	were	organized	and	chaired	by	BM,	who	was	the	main	point	
of	 contact	 for	PAG	members.	One	group	 comprised	members	
of	 the	 general	 public	 and	 had	 14	 members;	 the	 other	 group	
comprised	professionals	with	 a	 background	 in	 social	 care	 and	
other	 professions	 that	 involve	 working	 with	 people	 in	 their	
homes	 (eg	 nurses,	 physiotherapists	 and	 housing	 officials)	 and	
had	eight	members.	After	each	meeting,	 the	groups’	 feedback	
was	circulated	to	all	project	researchers.	The	degree	of	involve-
ment	 of	 the	 PAG	 corresponds	 to	 collaboration,	 as	 defined	 by	
INVOLVE.16
•	 A	group	called	 “Friends	of	SPHERE”	made	up	of	people	who	
were	 interested	 in	 the	 project.	 This	 group	 signed	 up	 to	 re-
ceive	 newsletters	 and	 invitations	 to	 special	 events	 including	
demonstrations	and	discussion	with	each	other	and	research-
ers.	 The	 aim	 of	 this	 group	 was	 to	 develop	 collaborative	 re-
lationships	 between	 the	 research	 team	 and	members	 of	 the	
public,	and	to	establish	partners	in	research	and	design	activ-
ities.	Five	“Friends	of	SPHERE”	events	took	place,	which	were	
attended	 by	 a	 total	 of	 78	members	 of	 the	 public	 and	 19	 re-
searchers	(three	of	whom	were	work	package	leads).	In	terms	




tivities	 just	with	 the	 researchers.	 These	 included	 annual	workshops	
to	 discuss	 public	 involvement,	 and	 shorter	 lunchtime	 sessions	 held	








possible	 for	members	 of	 the	 PAG	 and	 of	 the	 research	 team	 to	
participate.	We	were	mindful	 in	particular	that	members	of	the	
PAG	were	already	generous	in	their	time	and	that	the	research-
ers	 were	 already	 working	 at	 full	 capacity.	 We	 designed	 two	
questionnaires	 based	 on	 Gradinger	 et	al’s27	 value	 systems	 and	
clusters	 framework	 for	 public	 involvement,	 one	 for	 completion	
by	members	of	 the	PAG	and	 a	different	one	 for	 completion	by	
researchers.	We	explored	 the	possibility	of	providing	members	
of	both	groups	the	same	questionnaire,	but	decided	that	 it	was	
more	 appropriate	 for	 the	 focus	 to	 be	 different.	 The	 question-
naire	 for	 PAG	 members	 (Appendix	1)	 therefore	 explored	 their	
experience	of	partnership	and	public	involvement	by	focusing	on	
the	normative	and	process	value	systems;	the	questionnaire	for	
researchers	 (Appendix	2)	 explored	 their	 experience	 of	 transla-
tion	of	public	involvement	activities	into	the	research.	The	PAG	
questionnaire	 was	 structured	 in	 five	 sections:	 (a)	 consent	 for	
publication	of	anonymous	quotations;	 (b)	motivation	and	previ-
ous	 experience	 in	 public	 involvement;	 (c)	 normative	 value	 sys-
tems,	with	one	question	 for	each	of	 the	 five	value	 clusters;	 (d)	
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process	 value	 systems,	 with	 one	 question	 for	 each	 of	 the	 five	
value	 clusters;	 and	 (e)	 additional	 comments.	 The	 questionnaire	
for	 researchers	was	 structured	 in	 four	 sections:	 (a)	 consent	 for	
publication	of	 anonymous	quotations;	 (b)	participant	 character-
istics	 including	the	type	of	public	engagement	and	 involvement	
activities	 they	participated	 in	during	 their	 time	on	 the	SPHERE	
project,	number	of	years	they	had	worked	in	research	and	their	
previous	experience	of	public	involvement;	(c)	substantive	value	













ademics	 and	 researchers	were	working	 in	 the	 project,	 including	
work	package	 leads,	 postdoctoral	 and	doctoral	 researchers.	 The	
questionnaire	 was	 first	 distributed	 during	 a	 lunchtime	 session	
attended	by	nine	 researchers	 all	 of	whom	 returned	a	 completed	
questionnaire.	 This	 questionnaire	 was	 also	 distributed	 via	 email	
and	 a	 further	 four	 researchers	 and	 three	 work	 package	 leads	
responded.
2.5 | Collation and analysis of responses
Data	 were	 entered	 into	 Excel	 spreadsheets	 for	 collation	 and	 re-
viewed	by	 the	 authors.	Given	 the	 small	 sample	 size,	 responses	 to	
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3.1 | The PAG’s views
Ten	members	of	 the	PAG	returned	completed	questionnaires.	Of	
these,	 five	people	reported	no	previous	 involvement	 in	research;	
two	people	had	been	 involved	 in	clinical	 research;	 the	 remaining	
three	people	had	previous	experience	of	 research	or	 community	







































value	 system.	 Members	 of	 the	 PAG	 gave	 positive	 responses	 to	
questions	 about	 Partnership/Equality,	 Respect/Trust,	 Openness/
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Free-	text	 responses	 indicated	 that	 members	 of	 the	 PAG	 felt	
listened	to	 (“Any	comments	were	 listened	to,	even	 if	 it	 turned	out	
not	to	be	something	that	was	needed	by	the	project,”	P1)	and	this	



















working	on	 the	SPHERE	project;	 five	 respondents	 reported	previ-
ous	experience	mostly	through	user	testing	and	usability	evaluation;	
a	 further	 three	 respondents	 described	 examples	 of	 sharing	 their	










Table	4	 summarizes	 how	 SPHERE	 researchers	 responded	 to	
Likert-	type	questions	about	each	of	the	value	clusters	within	the	
substantive	value	system.	This	table	shows	the	researchers	gave	
mostly	 positive	 responses	 to	 questions	 about	 Effectiveness	 and	
Quality/Relevance.	 Free-	text	 responses	 to	 the	 question	 about	
Effectiveness	 indicate	 that	 researchers	 found	 their	 experiences	
of	 public	 involvement	 in	 SPHERE	 surprising	 (“It’s	 easy	 to	 try	 to	
imagine	what	public	opinions	will	be,	but	on	actually	hearing	them	
surprises	 are	 always	 thrown	 up.	 It’s	 very	 easy	 to	 get	 caught	 up	
on	 something	 […]	 that	 turns	 out	 not	 be	 a	 problem	 and	 easy	 to	
miss	 things	 that	 turn	out	 to	be	 critical,”	R5),	 as	well	 as	 stimulat-
ing	empathic	 thinking	 (“As	a	 researcher,	 the	public	 [engagement]	
activities	have	make	me	think	a	lot	[about]	the	user’s	angle,”	R1).	
TABLE  4 Frequency	distribution	of	responses	to	Likert-	type	questions	about	substantive	value	system	(N	=	16)






































3 3 5 0 0 3 2
aThis	term	was	used	in	the	questionnaires	instead	of	public	involvement.	
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Free-	text	responses	about	Quality/Relevance	show	the	research-






as	 an	 item	 from	 the	 framework	of	Gradindger	et	al27 were more 
diverse.	Free-	text	 responses	of	 the	 three	 respondents	who	gave	
lower	 scores	 to	 this	 question	 highlight	 the	 tension	 between	 the	
value	of	researchers’	knowledge	and	knowledge	held	by	members	
of	 the	 public	 (“Scientific	 expertise	 should	 always	 be	 considered	
a	more	valid	source	for	shaping	research	than	public	views,”	R3).	














Responses	 to	 the	 question	 related	 to	 Representativeness/
Objectivity/Generalisability	 were	 mostly	 positive.	 The	 two	 re-
spondents	 who	 gave	 lower	 scores	 on	 the	 Likert-	type	 options	
either	 did	 not	 give	 a	 free-	text	 response,	 or	 explained	 in	 their	
response	 that	 they	 felt	 their	 experiences	 of	 public	 involvement	
had	not	provided	 them	with	new	 insights	beyond	 those	already	
understood	 within	 the	 project.	 In	 the	 free-	text	 responses,	 re-
searchers	gave	examples	of	knowledge	they	had	gained	through	
public	involvement	that	would	be	transferable	to	other	research	
contexts	 such	 as	 not	 using	 technical	 language	 or	 jargon	 when	
communicating	with	diverse	audiences.	The	last	question,	which	
addressed	 issues	 around	 Evidence	 base,	 generated	 the	 highest	
number	of	abstentions	due	to	no	opinion	or	no	response	(five	in	
total);	 these	 respondents	 explained	 that	 they	were	either	 satis-
fied	with	the	delivery	of	public	involvement	in	SPHERE	or	did	not	
feel	they	knew	enough	to	provide	a	useful	answer.	This	question	










rectly	 from	public	engagement,	but	 I	 can	easily	 recall	 a	number	
of	 cases	 where	work	 packages	made	 decisions	 that	 felt—to	me	
at	 least—contrary	 to	 the	mood	 reported	 in	 the	 reports	 that	we	
received	 from	public	 engagements,”	 R13).	 Similar	 feedback	was	

















This	work	aimed	to	evaluate	the	 impact	of	public	 involvement	 in	a	
digital	health	project,	as	experienced	by	members	of	its	PAG	and	by	
its	 researchers	with	STEM	backgrounds.	Through	use	of	 the	value	
systems	 framework	 of	 Gradinger	 et	al,27	 the	 evaluation	 indicated	
that	members	of	 the	PAG	found	public	 involvement	 in	 the	project	
to	 be	 mostly	 positive	 in	 terms	 of	 normative	 and	 process	 values.	
Members	 of	 the	 PAG	 described	 several	 good	 practices	 that	 en-
sured	they	felt	listened	to	within	the	project,	such	as	seeing	changes	




between	all	 those	 involved,	 including	researchers	and	members	of	
the	PAG.	We	suggest	 that	 this	may	have	had	a	positive	 impact	on	
public	 involvement	contributors’	views	about	the	activity,	 in	keep-
ing	with	other	evaluations.30	The	researchers	generally	found	their	
experience	 of	 involvement	 to	 be	 useful	 and	 felt	 it	 had	 increased	
the	quality,	 relevance	and	generalizability	of	 their	work.	However,	
their	responses	also	indicated	a	need	to	consider	how	best	to	enable	
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involvement	 contributors,	 it	 is	 also	 feasible	 that	 such	 views	 could	




The	 trend	 towards	 more	 fluid	 collaborations	 between	 univer-
sities	 and	 external	 communities	 has	 uncovered	 challenges	 related	
to	 translating	 experiential	 learning	 and	 intellectual	 challenge	 into	
appropriate	end-	of-	project	outputs.31	 Indeed,	 some	 researchers	 in	
our	evaluation	said	that	delivering	research	in	line	with	the	funded	
research	agenda	was	the	primary	goal	of	their	work	and	there	was	
sometimes	 reluctance	 to	alter	plans	on	 the	basis	of	 input	 from	 in-
volvement	 activities.	 The	 focus	was	on	developing	 a	working	 sys-
tem	that	could	be	replicated	and	rolled	out	 into	a	 large	number	of	
homes.	 Another	 study	 found	 that	 health	 researchers	 experienced	











to	participation	 (eg	caring	commitments)	 that	 impact	unequally	on	
















time	 and	 place	 of	 convenience	 to	 them.	We	 chose	 to	 use	 a	mixed	
methods	 approach,	 using	 a	 triangulation	 process33	 that	 combined	










The	 decision	 to	 develop	 different	 questionnaires	 for	 the	 re-
searchers	and	for	the	PAG	members	was	taken,	as	the	substantive	
values	 associated	 with	 incorporating	 involvement	 into	 research	
were	not	obviously	the	domain	of	the	PAG	members.	Although	not	
all	 PAG	members	 and	 researchers	 responded	 to	 our	 invitation	 to	
complete	the	evaluation,	the	diversity	of	backgrounds	and	the	num-
ber	who	 did	 provides	 confidence	 that	 the	 views	 captured	 reflect	
those	of	 the	wider	 group	of	PAG	members	 and	 researchers.	One	





and	 enticing	 to	 all	 researchers,	 or	 it	might	 be	 that	 no	 amount	 of	
relevance	 or	 enticement	would	 have	 encouraged	 some	 research-
ers	 to	 come.	We	 did	 not	 formally	 collect	 information	 about	 why	
some	researchers	in	the	project	were	not	involved	in	public	involve-
ment	events,	and	this	would	be	an	excellent	topic	for	further	work.	
Informally,	we	understood	 that	 researchers	who	did	 not	 come	 to	
events	felt	that	their	time	priorities	lay	elsewhere	in	their	work.	It	
is	important	to	acknowledge	that	as	an	evaluation	team	we	thought	
























Engineering	 and	 Physical	 Sciences	 Research	 Council	 (EPSRC),	 Grant	
EP/K031910/1.	We	thank	the	members	of	the	Advisory	Groups	and	the	
researchers	who	took	part	in	this	evaluation	for	their	time	and	insights.
     |  9BURROWS et al.
CONFLIC T OF INTERE S TS
The	authors	know	of	no	conflict	of	interests.
ORCID
Alison Burrows  http://orcid.org/0000-0002-8899-7786 
R E FE R E N C E S
	 1.	 INVOLVE.	 What	 is	 public	 involvement	 in	 research?	 http://www.
invo.org.uk/find-out-more/what-is-public-involvement-in-re-
search-2/.	Accessed	July	18,	2017.
	 2.	 Boote	 J,	 Baird	 W,	 Sutton	 A.	 Public	 involvement	 in	 the	 design	








	 5.	 Gooberman-Hill	R,	Horwood	J,	Calnan	M.	Citizens’	 juries	 in	plan-
ning	research	priorities:	process,	engagement	and	outcome.	Health 
Expect.	2008;11(3):272-281.













of	 consumers	 in	 studies	 run	 by	 the	 Medical	 Research	 Council	
Clinical	Trials	Unit:	results	of	a	survey.	Trials. 2012;13:9.
	11.	 Arnstein	 SR.	 A	 ladder	 of	 citizen	 participation.	 J Am Inst Plann. 
1969;35(4):216-224.






responsive	 research:	methodological	notions	 for	collaborations	 in	
mixed	research	teams.	Qual Health Res.	2009;19(3):401-415.
	15.	 Carman	 KL,	 Dardess	 P,	 Maurer	 M,	 et	 al.	 Patient	 and	 family	 en-
gagement:	 a	 framework	 for	 understanding	 the	 elements	 and	
developing	 interventions	 and	 policies.	 Health Aff (Millwood). 
2013;32(2):223-231.
	16.	 INVOLVE.	Briefing Notes for Researchers: Involving the Public in NHS, 













search.	Res Involv Engagem. 2017;3:13.
	21.	 Staniszewska	 S,	 Adebajo	 A,	 Barber	 R,	 et	 al.	 Developing	 the	 evi-
dence	base	of	patient	and	public	 involvement	in	health	and	social	
care	 research:	 the	 case	 for	measuring	 impact.	 Int J Consum Stud. 
2011;35(6):628-632.
	22.	 Staley	K,	Buckland	SA,	Hayes	H,	Tarpey	M.	‘The	missing	links’:	un-
derstanding	how	context	and	mechanism	 influence	 the	 impact	of	
public	involvement	in	research.	Health Expect.	2012;17(6):755-764.
	23.	 Snape	D,	Kirkham	J,	Preston	J,	et	al.	Exploring	areas	of	consensus	
and	 conflict	 around	 values	 underpinning	 public	 involvement	 in	
health	and	social	care	research:	a	modified	Delphi	study.	BMJ Open. 
2014;4(1):e004217.
	24.	 Burchell	 K,	 Sheppard	 C,	 Chambers	 J.	 A	 “work	 in	 progress”?:	 UK	
researchers	 and	 participation	 in	 public	 engagement.	 Res All. 
2017;1(1):198-224.
	25.	 O’Connor	S,	Hanlon	P,	O’Donnell	CA,	Garcia	S,	Glanville	J,	Mair	FS.	
Understanding	 factors	 affecting	 patient	 and	 public	 engagement	
and	recruitment	to	digital	health	interventions:	a	systematic	review	
of	qualitative	studies.	BMC Med Inform Decis Mak.	2016;16:120.
	26.	 Edelman	 N,	 Barron	 D.	 Evaluation	 of	 public	 involvement	 in	 re-





	28.	 Burrows	 A,	 Gooberman-Hill	 R,	 Coyle	 D.	 Shared	 language	 and	
the	 design	 of	 home	 healthcare	 technology.	 Proceedings of 









	31.	 Facer	 K,	 Pahl	 K.	 Valuing Interdisciplinary Collaborative Research: 
Beyond Impact.	Bristol:	Policy	Press;	2017.






Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.		
How to cite this article:	Burrows	A,	Meller	B,	Craddock	I,	
Hyland	F,	Gooberman-Hill	R.	User	involvement	in	digital	
health:	Working	together	to	design	smart	home	health	
technology.	Health Expect. 2018;00:1–9. https://doi.
org/10.1111/hex.12831
